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Influence of process parameters on mechanical performance for high-strength
aluminum alloy panel

Zhu Dengjie', Bian Meihua®, Zhang Zhiqiang', Li Junhua®, Huang Zenghao', Peng Jianing’
(1. Research Institute of China Southern Power Grid Co. , Ltd., Guangzhou 510000, China; 2. Electric Power Science Research
Institute of Guangxi Power Grid Co. , Ltd., Nanning 530023, China)

Abstract: Aiming at the shortcomings of existing aluminum alloy materials and cast iron materials, a high-strength 6-series aluminum alloy
material was designed by using particle reinforcement technology. Then, through orthogonal experiment, the influence laws of three process
parameters, namely, impact energy, solution temperature and aging temperature, on the mechanical properties of high-strength aluminum al-
loy panel during forging process were studied, and the range analysis was conducted by two indicators of tensile strength and tensile breaking
force. The results show that the influence degrees of solution temperature and aging temperature on the mechanical properties are much grea-
ter than that of impact energy. The optimal process parameters for tensile breaking force are the impact energy of 20 kJ, the solution temperature
of 535 °C, and the aging temperature of 165 “C. The optimal parameters for tensile strength are the impact energy of 25 kJ, the solid solution
temperature of 545 °C, and the aging temperature of 175 °C. With the increasing of solid solution temperature, the tensile strength of high-
strength aluminum alloy panel increases significantly, and the tensile breaking force first increases significantly and then changes insignificantly.
As the aging temperature increases, the tensile breaking force and tensile strength of high-strength aluminum alloy panel both decrease.
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Table 1 Chemical compositions of TiB, particle reinforced

6082 aluminum alloy ( %, mass fraction)

Si Fe Ti B Cu Mg Al

0. 949 0. 153 0. 790 0.576 0. 564 0.725 N
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Fig. 1 Processing process roadmap for high-stength aluminum alloy
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Fig. 3 Dimesion diagram of tensile specimen

600
525 f---
400 - .
o |
’% ! 5 EJIHUREIN AR S
200 4 E Fig. 5 State of press before applying pressure
120 ;

0 120 240 360 480 600 720
It} 18] /min
@

165
150 A

100

/T

59 1

0 - . , . .

0 60 120 240 360 480540 600

i} 8] /min
® 6 A
B4 Rk Fig. 6 Finished reactor
(a) BB (b) WAGRE
Fig. 4 Temperature loading curves 2o b A \
2 ERRBERIAN

(a) Solution temperature  (b) Aging temperature

4 FR, BT dr e A, BIRIRE B R Sk HAE GB/T 228. 1—2021"" | SR E45. 504 $i7 /)
C3 MHZEHRI R 3 4K, Hikfro gk, 1 IREHLIEATRR A, FAREAR 2 mm - min”',
TS E IS 2 R, RPN E S prik DR TR AR 13107 87, ARSI T
SRR E S E 6 Fin. MR, WEZN 20~25 °C, b T AR 56 45 5 i a]



512 4] RN

T LSO i BR S  HARUT ) A PERE AR 1 23

HEWAMESE, 4L =M 3 ), BT GB/T
228. 1—2021"" X HE AR A BR AR A B IR 2847, BIDOR o
VFAR AR 1Y e K8y, ELH T T 20
B, & SEERERAR A RS 7E£0. 03 mm (iR
25, K, ASCHE B AN 38 B 48 bR i AT 40t BD
Prpiam B AR g, I as Rk 3 R .

*3 EXHBRER
Table 3 Results of orthogonal test

P TIibhess  BwRE, BEGRE, RiWls dUhisREs
kJ e C kN MPa
Z)-1 30 525 165 19.05 381.33
Z)2 30 535 185 18.42 363.00
7J-3 30 545 175 17.82 341.33
Z)-4 25 525 185 18.38 360. 33
Z)-5 25 535 175 20.13 391.33
7)-6 25 545 165 20.30 416. 00
7)1 20 525 175 18.80 367.00
Z)-8 20 535 165 20.23 398.67
7J-9 20 545 185 18.52 377.33

X TE B R HAR B 22 407, 055 S 22 4%
BRoh B2 4 R, HORIIREERE 22 S BT 45 SR 5
R, Sk, KA K, (4051 TR R
o Ml A RIS

x4 HWHARMESWER (KN)
Table 4 Range analysis results of tensile breaking force (kN)

24 K- A B C
1 56.75 54.17 58. 81
KA1 2 56. 67 57.45 57.87
3 56.70 58.50 53.44
1 18.92 18. 06 19. 60
K, 18 2 18. 89 19.15 19.29
3 18.90 19. 50 17. 81
I K- 1 2 1
R1{H 0.03 1.09 1.79
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Table 5 Range analysis results of tensile strength ( MPa)

S8 K A B C
1 1146. 67 1102. 00 1181.33
K14 2 1151.33 1161. 33 1181. 67
3 1151.33 1186. 00 1086. 33
1 382.22 367.33 393.78
K, 18 2 383.78 387. 11 393. 89
3 383.78 395. 33 362. 11
KR 213 3 2
RE 1.56 28.00 31.78
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Fig. 7 Analysis diagram of tensile strength for orthogonal test



24 B

o % 49 %

9
P

{8 IEASRIAL M1 347 1]

Fig. 8 Analysis diagram of tensile breaking force for orthogonal test
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Table 6 Experimental results of solution temperature

o VTR RIS WIS B bR
kJ C C kN MPa
GR-1-1 25 525 165 17.72 364
GR-1-2 25 535 165 20. 60 402
GR-1-3 25 545 165 20. 42 413
GR-2-1 25 525 175 18.13 369
GR-2-2 25 535 175 19. 98 393
GR-2-3 25 545 175 19. 81 403
GR-3-1 20 525 175 18.72 367
GR-3-2 20 535 175 19. 88 391
GR-3-3 20 545 175 19. 69 397
GR-4-1 30 525 185 15.96 341
GR-4-2 30 535 185 18. 49 365
GR-4-3 30 545 185 19. 25 383
GR-5-1 20 525 165 18.99 384
GR-5-2 20 535 165 20. 19 398
GR-5-3 20 545 165 20. 65 407
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Table 7 Experimental results of aging temperature

g VR BRI RPRORI R bR
kJ C C kN MPa
SX-1-1 30 525 165 19.18 383
SX-1-2 30 525 175 18.16 367
SX-1-3 30 525 185 15.96 341
SX-2-1 30 545 165 21.16 411
SX-2-2 30 545 175 18.28 366
SX-2-3 30 545 185 17.12 341
SX-3-1 25 535 165 19. 98 402
SX-3-2 25 535 175 18.09 388
SX-3-3 25 535 185 15.96 361
SX-4-1 25 545 165 20.3 398
SX-4-2 25 545 175 19. 94 392
SX-4-3 25 545 185 19. 46 363
SX-5-1 20 525 165 19. 03 385
SX-5-2 20 525 175 18. 85 366
SX-5-3 20 525 185 17.97 359
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Fig. 9 Relation curves of tensile breaking force and tensile strength with

525 545525

solution temperature
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Fig. 10  Relation curves of tensile breaking force and tensile strength with

aging temperature
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